Age at First Delivery and Osteoporosis Risk in
Korean Postmenopausal Women: The 2008��2011 Korea National Health and Nutrition Examination Survey (KNHANES) by 理쒖쑄�씫 et al.
RESEARCH ARTICLE
Age at First Delivery and Osteoporosis Risk in
Korean Postmenopausal Women: The 2008–
2011 Korea National Health and Nutrition
Examination Survey (KNHANES)
Bo Hyon Yun1,2, Yun Rak Choi3, Young Sik Choi1,2, SiHyun Cho4, Byung Seok Lee1,2,
Seok Kyo Seo1,2*
1 Department of Obstetrics and Gynecology, Yonsei University College of Medicine, Seoul, Republic of
Korea, 2 Institute of Women’s Life Medical Science, Yonsei University College of Medicine, Seoul, Republic
of Korea, 3 Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Republic of
Korea, 4 Department of Obstetrics and Gynecology, Gangnam Severance Hospital, Yonsei University
College of Medicine, Seoul, Republic of Korea
* tudeolseo@yuhs.ac
Abstract
It has been reported in several studies that there may be a significant correlation between
reproductive history and the risk of osteoporosis due to the effect of estrogen. Under this hy-
pothesis, however, it is unclear whether the age at first delivery has any major influences on
the risk of osteoporosis. Therefore, this study aimed to investigate the relationship between
the age at first delivery and the risk of osteoporosis in Korean menopausal women. This
study was performed using data from the 2008–2011 Korea National Health and Nutrition
Examination Survey and included 2,530 Korean postmenopausal women. The diagnosis of
osteoporosis was made using the World Health Organization T-score criteria (T-score
-2.5, at the femoral neck or lumbar spine). Participants were categorized into 3 groups ac-
cording to age at first delivery:23, 24–29, and30 years. Older age, lower body mass
index, lower calcium intake, later menarche, and earlier menopause increased the risk of
osteoporosis, whereas hormone therapy and oral contraceptive use were associated with a
decreased risk of osteoporosis. Postmenopausal women whose first delivery occurred at
age 24–29 years were shown to have a significantly increased risk of osteoporosis (odds
ratio, 2.124; 95% confidence interval, 1.096–4.113; P = 0.026) compared to those who first
gave birth after the age of 30 years. These findings suggest that postmenopausal women
whose first delivery occurred in their mid to late 20s, a period during which bone mass slow-
ly accumulates to the peak, are at an increased risk of osteoporosis.
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Introduction
Osteoporosis is a major cause of morbidity, as osteoporosis-related fracture can result in dis-
ability and even death [1,2]. The risk of fracture depends on the peak bone mass and subse-
quent rate of bone loss. In women, peak bone mass is influenced by hereditary and endocrine
factors, and bone loss is affected by genetic susceptibility, life style such as smoking, high alco-
hol consumption, and depletion of estrogen [3,4]. In postmenopausal women, there is a rapid
decrease in bone mineral density due to estrogen depletion, resulting in a higher fracture risk
and increased morbidity compared to similarly aged men [3,5].
Although bones in women are greatly affected by estrogen (either quantity or quality), re-
sults on the correlation between reproductive history and risk of osteoporosis due to the effects
of estrogen are conflicting. Reproductive factors such as late menarche and parity have been
suggested to be risk factors for postmenopausal osteoporosis, although this is controversial
[6–10]. It is unclear whether age at the time of first pregnancy and effects of pregnancy on
bone loss have major influences on the risk of osteoporosis. It is believed that reversible bone
loss is likely to occur in most women during pregnancy, although osteoporosis associated with
pregnancy is rare [11]. However, the impact of age at first delivery has shown contradictory re-
sults in studies. Adolescent pregnancy has been suggested to be a risk factor for postmenopaus-
al osteoporosis [12], and women whose first pregnancy occurred after PBM acquisition (27
years of age in the study) with breast feeding history showed decreased prevalence of osteopo-
rosis [13]. Nevertheless, another study has suggested that adolescent pregnancy seems to exert
no significant influence on either acquisition of peak bone mass or future risk of osteoporosis
[9].
In this study, we focused on possible reproductive factors that might affect bone mass for-
mation [7,14] and bone loss, thereby aiming to investigate the relationship between reproduc-
tive factors and osteoporosis in Korean postmenopausal women and to evaluate risk factors for
the development of osteoporosis.
Materials and Methods
Study population
This study was designed as a cross-sectional study based on data from the Korea National
Health and Nutrition Examination Survey (KNHANES) from 2008 to 2011, including data
from the KNHANES IV survey (data from 2008 and 2009) and the KNHANES V survey (data
from 2010 and 2011). The KNHANES is a nationwide survey, conducted annually by the Kore-
an Ministry of Health and Welfare since 1998, to investigate the health and nutritional status
of the Korean people. KNHANES IV and V were each conducted for 3 years (2007–2009 and
2010–2012, respectively) using a stratified, multi-stage, clustered probability sampling method
to select a representative sample of the non-institutionalized, civilian Korean population. Sam-
pling units were randomly selected; in 2008, there were 200 randomly selected sampling units
with 23 households in each unit (yielding 4,600 households), and in 2009–2011, there were 192
randomly selected sampling units with 20 households in each unit (yielding 3,840 households).
For each year, the sampling units were newly selected and did not overlap with previous sam-
ples. The survey consisted of 3 parts: the Health Interview Survey, Nutrition Survey, and Health
Examination Survey. Data were collected by household interviews and direct standardized
physical examinations conducted in mobile examination centers. The interviewers were not
provided with any information regarding specific participants before conducting the inter-
views, and all participants provided written consent forms prior to enrollment. The study was
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approved by the Yonsei University Health System, Severance Hospital, Institutional Review
Board (4-2013-0322).
Among those who participated in the survey, there were 5,229 women aged 33–95 years
who had not menstruated for at least 1 year. Postmenopausal women were defined as women
over 45 years of age who answered that they had experienced menopause in the survey
(n = 5017). To avoid selective bias, women aged 71–95 years were excluded (n = 840), since
there is a higher prevalence of osteoporosis in the elderly. Women who had undergone hyster-
ectomy (n = 431), which is known to increase the risk of early menopause [15,16], or bilateral
oophorectomy (n = 170) were excluded. In addition, women were excluded from the study if
they had a chronic condition that may have influenced bone metabolism, such as end-stage
renal disease (n = 41), thyroid disease (n = 468), and cancer (n = 367), or if information regard-
ing bone mineral density (BMD) or T-score of the femur neck or lumbar spine was not avail-
able (n = 170). Finally, 2,530 postmenopausal women were enrolled in the present study.
Measurements
All participants underwent thorough physical examinations. Age, body weight, height, smok-
ing and drinking history, exercise, and food and nutritional intake were recorded. Age was ex-
pressed in years. Current smokers were defined as those who smoked at least 1 cigarette daily
during the previous 12 months. Drinking history was divided into 2 categories, depending on
whether the participant had a history of drinking within the previous 12 months. Based on the
International Physical Activity Questionnaire short-form scoring protocol [17], physical activi-
ty levels were divided into 3 categories: low, moderate, and high. The 24-h dietary recall meth-
od was used to collect data on food items consumed by participants. Energy and calcium intake
were calculated based on the consumption of each food item. Information on reproductive fac-
tors, including age at menarche and menopause, age at first delivery, total number of pregnan-
cies, breastfeeding history, use of oral contraceptives (OCs), and use of hormone therapy (HT),
was collected. History of using OC or HT was defined as use of either of these medications for
at least 1 month. Participants were divided into 3 groups based on the age of first delivery:
23, 24–29, and30 years. These age groups were determined based on bone mass distribu-
tion of the female population from 10 to 85 years of age, from the data of KNHANES 2008 to
2011 (S1 Table and S1 Fig). We also calculated the duration from menarche to first delivery
and the time elapsed since the onset of menopause. For those with a history of breastfeeding,
we determined the total duration of breastfeeding.
Blood samples were collected for biochemical analyses from all subjects during the survey.
Blood samples were collected early in the morning after an overnight fast. Serum 25-
hydroxyvitamin D levels were measured by electrochemiluminescence immunoassay using a
COBAS autoanalyzer (Roche Diagnostics, West Sussex, UK; intra- and inter-assay coefficients
of variation<8% and<10%, respectively). All clinical analyses were performed by the Neodin
Medical Institute, a laboratory certified by the Korean Ministry of Health andWelfare.
Body weight, anthropometrics, and BMD were measured with participants wearing light
clothing, without shoes or jewelry. Body mass index (BMI) was calculated using measured
height and weight (kilograms per square meter of body height). The BMD was measured in cen-
tral skeletal sites (femoral neck, lumbar spine L1–L4) using dual energy X-ray absorptiometry
(DXA; DISCOVERY-W; HOLOGIC Inc., Santa Clara, CA). The precision of DXA has been pre-
viously reported in the KNHANES, and the DXA instruments were calibrated using the meth-
ods described in a previous report [18]. The KNHANES calibrations were used for appropriate
comparisons among data. The T-score, which is the derivation of a participant’s BMD from the
weight-adjusted average peak BMD of a healthy population, was used to analyze the BMD data.
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Diagnosis of osteoporosis was made using theWorld Health Organization T-score criteria; oste-
oporosis was defined as a T-score lower than -2.5 at either the femoral neck or lumbar spine.
Statistical analysis
Data were examined for normality of distribution. Data are presented as the mean ± standard
deviation for continuous variables, and numbers and percentages are reported for categorical
variables. Baseline characteristics were compared between the osteoporosis group and the non-
osteoporosis group using the Student t-test for normally distributed continuous variables, and
the chi-square test was used for normally distributed categorical variables. Binary logistic re-
gression analysis was performed to investigate which reproductive factors affected the develop-
ment of postmenopausal osteoporosis. A logistic model was made on the basis of goodness-of-
fit of the model and multi-collinearity of the factors. The factors included in the logistic model
were selected by the univariate analysis of the data and previously established risk factors for
osteoporosis. Variables were included in the model if they achieved a P value<0.10 in the uni-
variate analysis. If the P value did not meet the criteria, but was a previously established risk
factor, it was included in the model. P< 0.05 was considered statistically significant.
Results
The flow chart of the study process is presented in Fig 1. The characteristics of the study popu-
lation are shown in Table 1. As expected, there was a significant difference in mean BMD be-
tween the osteoporosis (femoral neck: 0.56 g/cm2; lumbar spine: 0.67 g/cm2) and non-
osteoporosis groups (femoral neck: 0.68 g/cm2; lumbar spine: 0.88 g/cm2; P< 0.0001, respec-
tively). In addition, the osteoporosis group exhibited a significantly higher age (62.88 vs. 58.58
years; P< 0.0001), lower BMI (23.61 vs. 24.47 kg/m2; P< 0.0001), and lower daily calcium in-
take (397.50 vs. 456.66 mg; P< 0.0001) than the non-osteoporosis group. Vitamin D deficiency
Fig 1. Flow chart of participant enrollment.
doi:10.1371/journal.pone.0123665.g001
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was observed in both groups (18.52 vs. 18.84 ng/mL; P = 0.073); there were no significant dif-
ferences in exercise and smoking history between the groups. In the osteoporosis group, the
proportion of participants with osteoporosis at the femoral neck and lumbar spine was 50.19%
and 95.11%, respectively; osteoporosis at both sites was observed in 30.43% of participants
(data not shown).
The reproductive factors of the participants are presented in Table 2. The osteoporosis
group had a significantly higher mean age at menarche than the non-osteoporosis group (16.20
vs. 15.70 years; P< 0.0001). There were no significant differences between the groups with re-
gard to mean age at menopause (50.70 vs. 50.82 years; P = 0.389), gravidity (5.69 vs. 5.58;
P = 0.792), and age at first delivery (23.96 vs. 24.15 years; P = 0.207). In addition, the osteopo-
rosis group had a significantly lower incidence of oral contraceptive use (21.9% vs. 26.7%;
P = 0.017) and HT use (12.7% vs. 21.7%; P< 0.0001).
A logistic model including the factors identified in the univariate analysis and previously
known risk factors was then created. Incorporating potential influences of multiple factors on
the development of postmenopausal osteoporosis, the results showed that the risk of postmen-
opausal osteoporosis increased significantly with a younger age at first delivery (Table 3). How-
ever, adjusting for possible risk factors, the influence of age at first delivery on osteoporosis was
greater in those whose first delivery occurred between 24 and 29 years of age (odds ratio, 2.124;
95% confidence interval, 1.096–4.113; P = 0.026) than in those whose first delivery occurred at
30 years of age (Table 3). In addition, other previously reported risk factors for postmeno-
pausal osteoporosis, including age, BMI, calcium intake, age at menarche and menopause, and
HT and OC use, were confirmed to have a significant relationship with osteoporosis.
Discussion
We demonstrated that a lower BMI, lower calcium intake, earlier menopause, and later menar-
che increase the risk of postmenopausal osteoporosis, whereas HT and OC use were associated
Table 1. Baseline characteristics of study participants.
Variables Osteoporosis (n = 673) Non-osteoporosis (n = 1857) P value
Age, years 62.88 ± 5.56 58.58 ± 5.95 <0.00011
BMI, kg/m2 23.61 ± 2.99 24.47 ± 3.17 <0.0001
BMI, kg/m2 <25 480 (71.4%) 1097 (59.2%) <0.0001
25 192 (28.6%) 757 (40.8%)
BMD (femoral neck, g/cm2) 0.56 ± 0.07 0.68 ± 0.89 <0.00011
BMD (lumbar spine, g/cm2) 0.67 ± 0.08 0.88 ± 0.11 <0.00011
T score (femoral neck) -2.10 ± 0.80 -0.93 ± 0.90 <0.00011
T score (lumbar spine) -2.90 ± 0.63 -1.16 ± 0.91 <0.00011
Serum Vitamin D [25(OH)D], ng/mL 18.52 ± 7.55 18.84 ± 6.92 0.0731
Ca intake, mg/day 397.50 ± 271.12 456.66 ± 320.33 <0.00011
Exercise, days/week 2.18 ± 3.29 2.36 ± 3.23 0.1021
Smoking Non-smoker 623 (93.0%) 1732 (93.5%) 0.887
Past smoker 22 (3.3%) 59 (3.2%)
Current smoker 25 (3.7%) 62 (3.3%)
1Mann—Whitney U test was performed for continuous variables that did not show normal distribution.
BMI, body mass index; BMD, bone mass density; Ca, calcium.
Data are presented as the mean ± standard deviation.
P values were obtained using the 2-sample t-test for continuous variables and the chi-square test for categorical variables.
doi:10.1371/journal.pone.0123665.t001
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with a decreased risk. In addition, there was a significant relationship between age at first deliv-
ery and osteoporosis, although the mean age at first delivery was comparable between the oste-
oporosis and non-osteoporosis groups.
In our study, a few risk factors for developing osteoporosis in postmenopausal women were
expected, such as lower BMI, lower calcium intake, earlier menopause, and later menarche.
Furthermore, the finding that age at first delivery was an independent risk factor for postmeno-
pausal osteoporosis was also expected. When compared to previous studies [12,13], distinctive
finding of our study was that the risk of osteoporosis is significantly increased for those who
first gave birth at the age of 24–29 years, not in the adolescent period.
A few previous studies have evaluated the relationship between age at the time of first preg-
nancy and osteoporosis. Two studies have investigated whether pregnancy during the adoles-
cent period may affect future bone loss [9,19]. Both studies suggested that adolescent
pregnancy seems to affect neither increased bone loss or future osteoporosis. Moreover, they
also suggested that pregnancy causes reversible bone loss, which is compensated for after lacta-
tion. However, it has not been established whether age at first pregnancy affects the future
Table 2. Reproductive characteristics of the study population.
Variables Osteoporosis (n = 673) Non-osteoporosis (n = 1857) P value
Age at menarche, years 16.20 ± 2.01 15.70 ± 1.91 <0.0001
Age at menopause, years 50.70 ± 3.09 50.82 ± 2.87 0.1281
Gravidity, n 5.69 ± 8.78 5.58 ± 9.47 0.792
Time from menarche to ﬁrst delivery, years 7.77 ± 3.85 8.49 ± 3.99 <0.0001
Time since menopause, years 12.07 ± 6.14 7.70 ± 5.88 <0.0001
Age at ﬁrst delivery, years 23.96 ± 3.19 24.15 ± 3.33 0.207
First delivery age groups, n (%) 23 years 310 (46.5%) 821 (44.6%) 0.053
24–29 years 331 (49.7%) 903 (49.1%)
30 years 25 (3.8%) 115 (6.3%)
Time from menarche to ﬁrst delivery, n (%) 5 years 199 (30.6%) 437 (24.2%) 0.021
6–10 years 300 (46.1%) 860 (47.6%)
11–15 years 134 (20.6%) 430 (23.8%)
16–20 years 16 (2.5%) 70 (3.9%)
21–25 years 2 (0.3%) 8 (0.4%)
26–30 years 0 (0%) 1 (0%)
History of breast feeding, n (%) Yes 289 (95.1%) 838 (90.4%) 0.012
No 15 (4.9%) 89 (9.6%)
Total duration of breast feeding groups, n (%) 24 months 83 (28.8%) 368 (44.0%) <0.0001
25–48 months 94 (32.6%) 265(31.7%)
49–72 months 55 (19.1%) 112 (13.4%)
73 months 56 (19.4%) 91 (10.9%)
History of OC use, n (%) Yes 147 (21.9%) 494 (26.7%) 0.017
No 523 (78.1%) 1358 (73.3%)
History of HT use, n (%) Yes 85 (12.7%) 401 (21.7%) <0.0001
No 585 (87.3%) 1447 (78.3%)
1Mann—Whitney U test was performed for continuous variables that did not show normal distribution.
OC, oral contraceptive; HT, hormone therapy.
Data are presented as the mean ± standard deviation.
P values were obtained using the 2-sample t-test for continuous variables and the chi-square test for categorical variables.
doi:10.1371/journal.pone.0123665.t002
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development of postmenopausal osteoporosis. In a cross-sectional study that was conducted
using KNHANES 2008 data, a history of adolescent pregnancy seemed to significantly increase
the risk of postmenopausal osteoporosis [12]. However, another cross-sectional study per-
formed in postmenopausal women reported that there was a significantly lower incidence of
osteoporosis among women who breastfed and whose first delivery occurred after 27 years of
age, an age considered to be after PBM acquisition [13]. The discrepancies among studies may
be explained in terms of bone mass accumulation [20]. Bone mass accumulates at a great rate
during the adolescent period [21]. However, bone mass reaches its peak at a later age, namely
around the late 20s [22] to early 30s [23,24]. According to the periods of bone mass acquisition,
a hypothesis can be made that during rapid accumulation of bone, loss of bone mass has time
to recover, considering that acquisition of bone mass resumes after pregnancy. However, to-
wards the end of PBM accumulation, when the rate slows down, loss of bone mass at this time
interrupts bone mass accumulation at a critical time. This assumption is supported by a longi-
tudinal study conducted in 25 children with leukemia or lymphoma [25]; in this study, 8 years
after allogeneic bone marrow transplant, whole-body bone mass only slightly reduced, and
size-adjusted bone mass was normal. However, in current study, pregnancy at the 30s, the
maintenance period of bone mass, interruption of bone mass does not seem to affect future os-
teoporosis risk. It may be explained by general view that pregnancy does not increase osteopo-
rosis risk, because bone mass has been compensated after delivery [7]. The compensation after
delivery may be enough for maintaining the bone mass, since it does not require increasing the
bone mass, but maintaining it.
Table 3. Adjusted odds ratios of risk factors of postmenopausal osteoporosis.
Variables Unadjusted OR (95% CI) P value Adjusted OR (95% CI) P value
Age 1.132(1.114–1.151) <0.0001 1.142(1.121–1.164) <0.0001
BMI 1.725(1.425–2.089) <0.0001 2.296(1.836–2.871) <0.0001
Smoking status Non-smoker 1 1
Past smoker 1.037(1.630–1.706) 0.887 1.261(0.715–2.222) 0.423
Current smoker 1.121(0.698–1.800) 0.636 1.149(0.638–2.068) 0.644
Calcium intake 0.931(0.900–0.963) <0.0001 0.959(0.924–0.995) 0.025
Serum Vitamin D 0.994(0.981–1.007) 0.332 0.990(0.976–1.004) 0.163
Exercise 0.983(0.956–1.011) 0.227 1.003(0.972–1.036) 0.844
Age at menarche 1.141(1.090–1.195) <0.0001 1.110(1.020–1.207) 0.015
Age at menopause 0.986(0.956–1.017) 0.372 0.943(0.910–0.976) 0.001
Gravidity 1.001(0.992–1.011) 0.799 0.988(0.963–1.013) 0.341
Time from menarche to ﬁrst delivery 0.956(0.933–0.978) <0.0001 1.035(0.968–1.106) 0.313
Age at ﬁrst delivery 23 years 1.737(1.105–2.729) 0.017 2.081(0.863–5.019) 0.103
24–29 years 1.686(1.075–2.646) 0.023 2.124(1.096–4.113) 0.026
30 years 1 1
HT 0.524(0.407–0.675) <0.0001 0.602(0.452–0.803) 0.001
OC 0.773(0.626–0.953) 0.016 0.635(0.497–0.812) <0.0001
OR, odds ratio; CI, conﬁdence interval; BMI, body mass index; HT, hormone therapy; OC, oral contraceptive.
Categorical variables were as follows: BMI (reference: over 25), smoking status (reference: non-smoker), age at ﬁrst delivery (reference: 30 years old),
HT (reference: no), OC (reference: no).
Continuous variables were as follows: age (years), calcium intake (100 mg/day), exercise (days/week), age at menarche (years), age at menopause
(years), gravidity (n), time from menarche to ﬁrst delivery (years).
P values were obtained using multivariate logistic regression analysis.
doi:10.1371/journal.pone.0123665.t003
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In our study, women who first delivered at the age of 24–29 years exhibited an increased
risk of postmenopausal osteoporosis. In our study, PBM in the femoral neck was achieved in
the early 20s and in the fourth decade for the lumbar spine (S1 Fig). These differences can be
explained by ethnicity, a variable that is well known to affect PBM acquisition [26,27]. In our
grouping by age at first delivery,23 years was selected to represent the rapid accumulating
phase of female bone mass, 24–29 years represented the slow accumulating phase before PBM
acquisition, and30 years represented the maintenance phase. Our results showed a signifi-
cantly increased risk of postmenopausal osteoporosis in the 24–29 age group, thereby confirm-
ing this hypothesis.
In contrast with prior study results, our results indicated that exercise and current smoking
status were not significantly associated with postmenopausal osteoporosis. This may be because
history of smoking was not evaluated in the study. In addition, participants’ activity levels were
assessed by subjective intensity of activity and did not specify the type of exercise performed. Al-
though there is controversy regarding the relationship between age at menarche and postmeno-
pausal osteoporosis [2,6], it seemed to have borderline significance in our study. Additionally,
serum vitamin D levels were not associated with osteoporosis; this may be because there were
comparable levels of vitamin D deficiency in both the osteoporosis and non-osteoporosis
groups, as there is a high prevalence of vitamin D deficiency in South Korea [28].
One of the limitations of this study was the cross-sectional design. In addition, most of the
data came from questionnaires based on memory recall. Although breastfeeding history is
known to be a risk factor for osteoporosis, we could not include breastfeeding history or dura-
tion in the analysis because of the extent of missing data. Previous breastfeeding history and os-
teoporosis shall be taken into further study, although we cannot include in the current study.
Since age at first delivery can be a socially conditioned factor, the impact of this factor might be
complicated to interpret. For example, in the 1940s and 1950s, marriage and first delivery typi-
cally occurred during the late teens to early 20s in Korea. Therefore, adjusting for age may have
eliminated the effect of early delivery (23 years). Similarly, there were relatively few partici-
pants whose age at first delivery was30 years. Further longitudinal studies are needed to con-
firm the relationship between interruption in bone mass acquisition and postmenopausal
osteoporosis.
In conclusion, reproductive factors, including menarche, menopause, pregnancy, and use of
hormones, are significant risk factors for the development of osteoporosis in postmenopausal
women. In particular, age at first delivery may affect the development of osteoporosis in the fu-
ture by interrupting PBM acquisition. This emphasizes the need to consider HT use in women
with the above risk factors and to address the issue of bone loss in these women with interven-
tions such as vitamin D supplements or exercise during the antepartum to postpartum period.
Supporting Information
S1 Table. Bone mineral density and content of femoral neck, lumbar spine in total female
population.
(DOCX)
S1 Fig. Changes in bone mineral density and content in total female population by aging.
Bone mineral density (Figure A), content (Figure B) at femoral neck. Bone mineral density
(Figure C), content (Figure D) at lumbar spine.
(TIF)
S1 File.
(DOCX)
Age at First Delivery and Osteoporosis Risk
PLOS ONE | DOI:10.1371/journal.pone.0123665 May 6, 2015 8 / 10
Acknowledgments
We thank Ms. M.K. Song and Mr. D.Y. Kang from the division of medical statistics, Yonsei
University College of Medicine, Seoul, Republic of Korea for their advisory support in statistics.
They report no conflict of interest, and no source of financial support for the study.
Author Contributions
Conceived and designed the experiments: BHY YRC SKS. Performed the experiments: BHY
YRC SKS. Analyzed the data: BHY YRC YSC SC BSL SKS. Contributed reagents/materials/
analysis tools: BHY YRC SKS. Wrote the paper: BHY.
References
1. Raisz LG. Clinical practice. Screening for osteoporosis. N Engl J Med. 2005; 353: 164–171. PMID:
16014886
2. Nih Consensus Development Panel on Osteoporosis Prevention D, Therapy. Osteoporosis prevention,
diagnosis, and therapy. JAMA. 2001; 285: 785–795. PMID: 11176917
3. Riggs BL, Melton Iii LJ 3rd, Robb RA, Camp JJ, Atkinson EJ, Peterson JM, et al. Population-based
study of age and sex differences in bone volumetric density, size, geometry, and structure at different
skeletal sites. J Bone Miner Res. 2004; 19: 1945–1954. PMID: 15537436
4. Chesnut CH 3rd. Osteoporosis, an underdiagnosed disease. JAMA. 2001; 286: 2865–2866. PMID:
11735763
5. Szulc P, Marchand F, Duboeuf F, Delmas PD. Cross-sectional assessment of age-related bone loss in
men: the MINOS study. Bone. 2000; 26: 123–129. PMID: 10678406
6. Chevalley T, Bonjour JP, Ferrari S, Rizzoli R. The influence of pubertal timing on bone mass acquisi-
tion: a predetermined trajectory detectable five years before menarche. J Clin Endocrinol Metab. 2009;
94: 3424–3431. doi: 10.1210/jc.2009-0241 PMID: 19531591
7. Ferrari S, Bianchi ML, Eisman JA, Foldes AJ, Adami S, Wahl DA, et al. Osteoporosis in young adults:
pathophysiology, diagnosis, and management. Osteoporos Int. 2012; 23: 2735–2748. doi: 10.1007/
s00198-012-2030-x PMID: 22684497
8. Abrams SA. Normal acquisition and loss of bone mass. Horm Res. 2003; 60 Suppl 3: 71–76. PMID:
14671401
9. Miglioli L, Costa-Paiva L, de Lourenco LS, Morais SS, Lopes de Lima MC, Pinto-Neto AM. The associa-
tion of pregnancy history with areal and volumetric bone mineral density in adolescence. Osteoporos
Int. 2007; 18: 101–108. PMID: 16937071
10. Fox KM, Magaziner J, Sherwin R, Scott JC, Plato CC, Nevitt M, et al. Reproductive correlates of bone
mass in elderly women. Study of Osteoporotic Fractures Research Group. J Bone Miner Res. 1993; 8:
901–908. PMID: 8213252
11. Kovacs CS, Kronenberg HM. Maternal-fetal calcium and bone metabolism during pregnancy, puerperi-
um, and lactation. Endocr Rev. 1997; 18: 832–872. PMID: 9408745
12. Cho GJ, Shin J-H, Yi KW, Park HT, Kim T, Hur JY, et al. Adolescent pregnancy is associated with oste-
oporosis in postmenopausal women. Menopause. 2012; 19: 456–460. doi: 10.1097/gme.
0b013e3182337150 PMID: 22207319
13. Schnatz PF, Barker KG, Marakovits KA, O'Sullivan DM. Effects of age at first pregnancy and breast-
feeding on the development of postmenopausal osteoporosis. Menopause. 2010; 17: 1161–1166. doi:
10.1097/gme.0b013e3181e0efb3 PMID: 20613669
14. Johnston CC Jr., Slemenda CW. Determinants of peak bone mass. Osteoporos Int. 1993; 3 Suppl 1:
54–55. PMID: 8461578
15. Ahn EH, Bai SW, Song CH, Kim JY, Jeong KA, Kim SK, et al. Effect of hysterectomy on conserved
ovarian function. Yonsei Med J. 2002; 43: 53–58. PMID: 11854933
16. Moorman PG, Myers ER, Schildkraut JM, Iversen ES, Wang F, Warren N. Effect of hysterectomy with
ovarian preservation on ovarian function. Obstet Gynecol. 2011; 118: 1271–1279. doi: 10.1097/AOG.
0b013e318236fd12 PMID: 22067716
17. International Physical Activity Questionnaire (IPAQ) Core Group Guidelines for data processing and
alaysis of the Physical Activity Questionnaire Short and Long Forms.
Age at First Delivery and Osteoporosis Risk
PLOS ONE | DOI:10.1371/journal.pone.0123665 May 6, 2015 9 / 10
18. Kelly TL, Wilson KE, Heymsfield SB. Dual energy X-Ray absorptiometry body composition reference
values from NHANES. PLoS One. 2009; 4: e7038. doi: 10.1371/journal.pone.0007038 PMID:
19753111
19. Sowers MF, Scholl T, Harris L, Jannausch M. Bone loss in adolescent and adult pregnant women.
Obstet Gynecol. 2000; 96: 189–193. PMID: 10908761
20. Sabatier JP, Guaydier-Souquieres G, Laroche D, Benmalek A, Fournier L, Guillon-Metz F, et al. Bone
mineral acquisition during adolescence and early adulthood: a study in 574 healthy females 10–24
years of age. Osteoporos Int. 1996; 6: 141–148. PMID: 8704353
21. Bonjour JP, Theintz G, Buchs B, Slosman D, Rizzoli R. Critical years and stages of puberty for spinal and
femoral bonemass accumulation during adolescence. J Clin Endocrinol Metab. 1991; 73: 555–563.
PMID: 1874933
22. Teegarden D, Proulx WR, Martin BR, Zhao J, McCabe GP, Lyle RM, et al. Peak bone mass in young
women. J Bone Miner Res. 1995; 10: 711–715. PMID: 7639106
23. Recker RR, Davies KM, Hinders SM, Heaney RP, StegmanMR, Kimmel DB. Bone gain in young adult
women. JAMA. 1992; 268: 2403–2408. PMID: 1404797
24. Ortolani S, Trevisan C, Bianchi ML, Gandolini G, Cherubini R, Polli EE. Influence of body parameters
on female peak bone mass and bone loss. Osteoporos Int. 1993; 3 Suppl 1: 61–66. PMID: 8461579
25. Nysom K, Holm K, Michaelsen KF, Hertz H, Jacobsen N, Muller J, et al. Bone mass after allogeneic
BMT for childhood leukaemia or lymphoma. Bone Marrow Transplant. 2000; 25: 191–196. PMID:
10673679
26. WangMC, Aguirre M, Bhudhikanok GS, Kendall CG, Kirsch S, Marcus R, et al. Bone mass and hip axis
length in healthy Asian, black, Hispanic, and white American youths. J Bone Miner Res. 1997; 12:
1922–1935. PMID: 9383697
27. Bachrach LK, Hastie T, Wang MC, Narasimhan B, Marcus R. Bone mineral acquisition in healthy
Asian, Hispanic, black, and Caucasian youth: a longitudinal study. J Clin Endocrinol Metab. 1999; 84:
4702–4712. PMID: 10599739
28. Chon SJ, Yun BH, Jung YS, Cho SH, Choi YS, Kim SY, et al. Association between vitamin D status and
risk of metabolic syndrome among Korean postmenopausal women. PLoS One. 2014; 9: e89721. doi:
10.1371/journal.pone.0089721 PMID: 24586986
Age at First Delivery and Osteoporosis Risk
PLOS ONE | DOI:10.1371/journal.pone.0123665 May 6, 2015 10 / 10
